Platycodi Radix, the roots of Platycodon grandiflorum A. DC. (Campanulaceae), has been used in traditional Oriental medicine as an expectorant and antitussive to treat coughs, colds, upper respiratory tract infections, sore throats, tonsillitis, and chest congestion. 1, 2) In northern China and Korea, P. radix is also used as a food. Chemical investigation of P. radix revealed that triterpenoid saponins [3] [4] [5] [6] [7] were the main chemical components. In our previous papers, we reported the isolation and structural elucidation of sixteen triterpenoid saponins, including five new triterpenoid saponins, from the roots of P. grandiflorum A. DC. 8, 9) Further investigation on the polar fractions of P. grandiflorum led to the isolation of three new triterpenoid saponins, platycosides M 1-3 (1-3). Platycosides M-1-3 seem to be unusual by containing glactone in A-ring of pentacyclic triterpenoid saponins, which had been isolated only in the plant and reported in a few literature.
. The information on the 1 H-NMR spectrum coupled with the 13 C-NMR spectrum indicated that 1 has an olean-12-en skeleton. A 2D NMR study revealed that the aglycon was platycogenic acid A lactone (3b,16a,23-trihydroxyolean-12-en-2,24-lactone-28-oic acid).
7) The C-24 ester (or lactone) carbonyl group (d C 178.2) was connected to the C-4 quaternary carbon (d C 54.1), and the low-field resonances of the oxymethine proton and carbon on C-2 (d H 5.20, d C 83.1) and the correlation between H-2 and C-24 carbonyl group on the basis of HMBC spectrum implied that the C-2 oxymethine was connected with the C-24 carbonyl group to form g-lactone ring. Until now, this kind of g-lactone ring formation at ring A has been reported in a prosaponin isolated from the same plant only 3,7) (see Fig. 1 ). The 1 H-and 13 C-NMR spectra of 1 exhibited only one sugar anomeric proton at d 5.35 (d, Jϭ7.0 Hz), and carbon at d 105.2 (see Tables 1, 2 ). Acid hydrolysis of 1 gave glucose only, which was analyzed by gas chromatography as glucitol acetate. The sugar unit was identified as one b-D-glucopyranose unit by its 3 J H1,H2 coupling constants (7.0 Hz) combined with its 1 H-and 13 C-NMR data (see Tables 1, 2 ). The sugar linkages were determined on the basis of the HMBC spectrum which showed correlation between a proton signal at d 5.35 (glc-H-1) and a carbon signal at d 89.0 due to C-3 of the aglycone moiety (see Fig. 1 ). On the basis of all the foregoing evidence, Platycoside M-1 (1) was identified to be 3-O-b-D-glucopyranosyl platycogenic acid A lactone, which had been reported as the prosapogenin methyl esters. Platycoside M-2 (2) was shown to have the molecular formula C 47 H 72 O 20 based on its high-resolution (HR)-FAB-MS spectrum. A comparison of the 1 H-and 13 C-NMR spectra of 2 with those 1 clearly revealed that the signals of protons and carbons for the aglycon parts and the sugar chains at C-3 of the aglycon were superimposable, indicating that compound 2 possesses the same aglycon and the same glucose residue at C-3 as 1 ( Tables 1, 2 Table 1 ). The methyl carbon signals at d 18.6 coupling with the doublet methyl proton signal at d 1.68 (3H, d, Jϭ6.5 Hz) indicated the presence of one 6-deoxy sugar unit. Acid hydrolysis of 2 gave arabinose, rhamnose, and glucose, which were analyzed by gas chromatography as their alditol acetates in a ratio of 1 : 1 : 1. Their absolute configurations of sugars were shown to be L-arabinose, L-rhamnose, and D-glucose according to the method reported by Hara and coworkers. 10) All the monosaccharides of 2 were in pyranose forms, as determined by their 1 H-and 13 C-NMR spectral data as well as 2D NMR experiments. After all of the proton and carbon signals were assigned, combined with the 3 J H1,H2 coupling constants (Tables 1, 2) , the three sugar units were identified as one b-D-glucopyranose unit, one a-L-arabinopyranose unit predominantly in the 1 C 4 form, 4, 9) and one a-Lrhamnopyranose unit. 4, 9) The sequence of the sugar chain at C-28 was established from the following HMBC correla- 
Platycoside M-3 (3), an amorphous powder, has a molecular formula C 52 H 80 O 24 based on its high-resolution (HR)-FAB-MS spectrum, 132 mass units larger than 2. A comparison of the NMR spectra of 2 and 3 revealed that the signals of protons and carbons for the aglycon parts and the sugar chains at C-3 of the aglycon were very similar to each other, indicating that compound 3 possesses the same aglycon and the same glucose residue at C-3 as 2 ( Tables 1, 2 ). The com- 4, 9) and one a-L-rhamnopyranose unit, 4, 9) using the same protocol as described for 2. The sequence of the sugar chain at C-28 was established from the following HMBC correla- 
ester. Platycoside M-1-3 were pentacyclic triterpenoid saponins, containing g-lactone in A-ring, which had been isolated only in the plant until now.
Experimental
General Experimental Procedures FAB-MS and HR-FAB-MS spectral were recorded on a Jeol JMS-SX 102A mass spectrometer. IR spectra were measured with a Bruker IFS-55 infrared spectrometer.
1 H-and Extraction and Isolation The extraction procedure was the same as described previously.
9) Fraction C (18 g) was subjected to a silica gel column chromatography in a gradient manner (solvent, EtOAc : EtOH : H 2 Oϭ 9 : 1 : 0.5-85 : 15 : 7.5), then fractions 9-12 (Part I), fraction 24-26 (Part II), and fractions 27-28 (Part III) were obtained. Part I was chromatographed over a Lobar RP-C18 (Merck) column, and the 70% MeOH fraction gave 1 (6.0 mg) after HPLC purification (PEGASIL ODS, Senshu Pak column, 62% MeOH as the mobile phase). Part II and Part III were passed over a Lobar RP-C18 (Merck) column twice. Part II was subjected to HPLC (PEGASIL ODS column) with 55% MeOH to give 2 (6.7 mg). Part III was subjected to HPLC with 52% MeOH to give 3 (19.3 mg).
Platycoside Tables 1, 2 . Acid Hydrolysis of 1-3 Compounds 1-3 (3 mg each) were heated in 1 ml of 1 M HCl (dioxane-H 2 O, 1 : 1) at 90°C for 3 h in a water bath. Dioxane was removed, the solution was extracted with EtOAc (1 mlϫ3), and the EtOAc was removed. The monosaccharide portions were analyzed by gas chromatography after conversion of the hydrolysates into corresponding alditol acetates. The arabinitol, glucitol, rhamnitol and xylitol acetates from compounds 2 and 3 were detected in a ratio of 1 : 1 : 1 : 0, and 1 : 1 : 1 : 1 respectively using gas chromatography analysis. The absolute configurations of the sugars were determined according to the method reported by Hara and coworkers 10) using gas chromatography with the following conditions; column, 3% ECNSS-M (2 mϫ0.3 mm); column temperature: 190°C; injection temperature: 210°C; and retention times (min), D-xylose (11.1), L-arabinose (12.0), L-rhamnose (12.1), and D-glucose (17.9). By the same method, compounds 1, the monosaccharide was identified only glucitol acetate.
